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Genera 1

Nuclear enginvcring requires a thorough study of the behaviour of structural materials
under intensive irradiation in nucloar power ropctors, Fuel elements are the most irradiated
components, the complexity of the processes occurrling in such conditions culls for the need to
conduct thorough tests of these elements deylgns in mpecial research reactors equipped with
self-contained test loops, The following thermal and hydraulie poramoters, characterising the
opersting conditions of fuel elements and angemblien (n power reactors, are simulated during
suoh test in the first place: volume and surface beat fluxes, surface temporsture, tempcrature,
pressure and velocity of coolant. Coolant corrosive effects on fubl-nssonbly material should
also be investigated. It is not always possible, and at times even unnecessary to simulate all
the operation conditions of a fuel assombly or detalles of its design.In many cases,for instance,
it is not necessary to have the real design leniyth of fuel elements or their full nunber in an
assembly,

It is desirable to creake the required condit ions for fuel assembly  teats 4in medium po-
wer reactors, for this would reduce the cost of such tests. With thermal neutron fiuxes much
lower than calculated ones, the required volume and surface heat fluxes oun be obtained in the
tested fuel assemblies by using uranium of much higher corichment than ite calculated enrich-
ment; moreover, it is possible to obtuin the necessary surface heat fluxes by increasing the
thickness of fuel element cores.

FaBt reactor fuel assembly tesis in a loop~type thermal reactor cannot be conducted
with the real fast-neutron fluxes. This does not mean that such tests should be abandoned, as
during them it i3 extremely casy to similate thermal operating conditions. There are two ways
of experimental investigation of the effects connectod with fast-neutron fluxes: the first is
a separate study of these effects by uoing fusl element and materia) samples; the second is the
fast reactor fuel assembly tests in two stages - in en absorbing sheath tube, at low power
density, until the required dose of fust-neutron irradiation is obtained, and subsequent tests
without the sheath tube, at truc heat fluxes.

Since in meny cases attempts to simulate all real operating conditions for a fuel assembly
bring no success, complex fuel assembly tests, close to full-scale ones, should be reasonably
combined with testinyg separate parts of such asgombl Lo, Some of these parts can be tested in
much harder conditions than the calculated, owing to which time-limits for tests can be reduced.
Several samples oen be tested at a time, with hard working conditions ensured for each one of
them, Complex fuel assembly tests are the £inal stage of this work. Naturally, during & ccxp-
lex test under hard conditions only that part of a fuel assembly operates effectively wh.zh
experiences the greatest heat fluxes, One of tho most important advantages of such tesbu s
ﬁhe fact that they wre conducted under conditions created by a comdined effect fants.z. Comp—
lex tests play an especially important role in designing fundamentally new types 5t fuel assemd-
lies, while the influence of individual factors and their combinations has not yet Deen suf-—
ficiently studied.In such cases these complex tusts make it possible quickly tu determine the
result of a combined effect of numerous factors,
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Nuclear engineering advances in using a deeper burn-up of nuclear fuel and harder opepe~
ting oconditions for fuel assemblies. Fuel assemblies intended to operate in hard conditions
oan only be tested in sufficlently powerful loop-type reactors with high neutron fluxes, The
powex level of a loop-type reactor does not only depend on the maximum thermal neutron flux,
but also on the volume of tests conducted simultaneously., In order to solve most of the probw
lems connected with the development of the various branches of the atomio power industry,
loop=type reactors are required with thermsl neutron fluxes from 5 x 10‘15 to 5 x 1014::/0-2--
and power levels from 5 to 100 MW.

Loop~Type Reactor Designs

Modern loop—type reaotors can be classified as followss
1, Pressure vessel-type reactors, such as the American BTR and Soviet OM-2 reactors,

2, Tank-type reactoras, such as the American GETR and Belgian BR-2 reactors,

3, Channel~type reactors, such as the Soviet PPT reactor.

The core in a pressure vossel-type reactor is more homogenous, contains leas struotural
matexiasls and bas therefore better physical characteristice than the core of a ochannel-type
reactor. However, with thermal neutron fluxes being equal to approximately 101“ n/cn2~loc.
the economic effect, correspoding to the said difference in reactor physical chafacteristios,
is not very high and not decisive in choosing the type of a 1oop reactor,

Potentially pool reactors are less dangerous in case of emergency. All operations with
radioactive samples in suck reactors are performed through a water layer, which makes suoh ope-
rations much simpler and greatly reduces their danger for the service personnel.

Tank-type reactors, including pocl ones, have a nusber of substantial disadvanteages:

1) access to the core is difficult, which complicates the organisation of experimentsi

2) the places for test loops and their maximunm diemeters are fixed for the vessel design
selecteds

3) test loop mounting, dismounting and transportation are rathexr complicated, especigl-
ly with regerd to oingle-pass channelsj

4) sheath tubes required for many test loops experience consideradble external pressure,
which leads to the introduction of additional structural materials into the corej

5) possibilities for maintenance and various improvements during the operation of the
reactor are limited;

6) control system is relatively more ocomplex in designe

In channel—type reactors, as well as in tank-type ones, there are limited possidilities
for maintenance improvements during an operationj moreover, in a channel-type reactor the
intex-channel space of the core is difficult to reach, which considerably reduces its experi-
mental possibilities.

Ohaxnel-type reactors have a number of positive aspectss

1) & loop channel can be installed instead of any fuel assembly;

2) control system is much simpler in design, for there 18 no pressure in the spacs bet—
weenn fuel sssemdblies;

3) samples for irradiation in intensive frast neutron fluxes can be arranged along the
axlie of any fuel assembly consisting of tubular elements.

The fourth variety of loop-type reactors has been designed in the Soviet Undon famely,
channel-type pool reactors. They include the MP and MHP reactors, Reactors of this ¥yps have
some advantages compared to other loop~type reactors,

The core, fuel assembly ialet and outlet pipes and headers of these readtors are sube
morged into a pool, Their core, including its inter-assssbly spece and reflesto® 'can be esdi-
1 eached 0 conduct experiments, ]

TE ;he design of & reactor is very simple if 1ight water is used s ooolant, moderstoy and
reflector. For physical considerations the jattice spacing should nob be grest in +his oises
$his olrcumstence oreates difficulties in arranging fuel asaembly nndloop&—?lh‘m,,eﬂ
coolant feeding and removing pipes, This contradisiioa- R-4hie- oxl 44 aenign .

321 -2-

Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100022-6



Approed For Release 2009/08/17 : CIA-RDP88-00904R000100100022-6

~ e

Tequirements can be eliminated by varying lattice spacing over the height,

The problem can also be solved by placing solid~moderator blooks in the 1ntar-—ansembiy
spase and the reflector, The combination of these two solutions is also possible,

Single-pass [J -shaped loop 'chennels as well as chennels of the "Field tube" type cen be
installed in the core of such reactors.

Ohannel~typs pool reactors are free from the abovesaind drawbacks typical of tank-type
and channel~type reactorsi at the same time they have all the advantage: of loop channel-type
reactors and pool research reactors.

One of the specific features of pool reactors is the hard requirement for water quality.

Problems of Designing Test Loop Channels

The most widespread type of installutions for teating fusl assesblies comsists of an
in-pile loop channel and a oircult with equipment arranged in a Beparute box, Relisble operation
of powsr ful test loops is secured. In special cases, other variants of such installations are
used, in which the channel and the hemt-exchange equipment as well as the equipment for coolant
oirculation are designed as a whole.

As regnrds coolant circulation, loop channels oun be divided into two main groups:

4, Channels in which the straight and reverse coolant flow goes through the same core cellj
they can be [J -shaped channels oxr channels of the "Field tube"” type in design.

2, Channels in which the coolant flows through a core cell omnly in one direction; they
can be ordinary single-pass channels or [J -shaped single-pass channels with a branch outside
the core to feed and remove the coolant. If such channels are installed, with all the other
conditions being squal, a much smaller amount of neutren-absorbing structural materials is
introduced into the core as compared with channels of the “Field tube” type, owing to which
the former channelg are more preferable. For ordinary ningle-pass channels a apecially desig-
ned bottom part of the reactor with a service room under is required. {J ~shaped channels
with an outside branch need a specially designed reactor core, owing to which they are more
often used in channel-type pool reactors, From the viewpoint of their design, channels of tHe
"pield tube" type are universal. They cen be instslled in any reactor,

Structural maverials for loop channels with a high-pressure end high-temperature coolant
operate under very hard conditions. Apart from stresses dus to internal pressure, loop channel
walls experience considerable thermal stresses due to the difference between the coolant tem—
perature in the channel and the ambient temperature, on the one hand, snd internsl heat mainly
due to gemma-radiation, on the other. The use of thermal insulation mskes 1t possible success—
fully to combat only the former socurce of thermal stresees, Materisls for loop channels should ‘
have & gmall neutron-sbsorption cross—sectiong they should be sufficiently ductile, strong, .
hest~conducting and corrosion-resistant, Por safety considerations it is very desirable that
the sum of thermal snd static stresses has a sufficieont margin befors yleld point,

Untavorable ohanges occur in the properties of gtructural materials such, for instancse,
as stainless ateels.under the action of fast neutrons as a xesult the useful life of loop
ohannels hae. to be reduced.

Loop ohannels and their circuits .should withstand abrupt thermsl vibrations erising du~
ring the soram shut-down and also when the reactor is quickly brought to power after a stort-
~Lorm shut-down.

Loop channel tests aye potentially dangerousj & serious accident cennot only put a loop
ohsanel owt of order, but &lso damage the reactor. For safety reasons, in addition to the main
coolant~ciroulation system, there should be an emergency gystems It 48 also importany to pro-
vide oontinuous monitoring the tightmess of both the loop channels and their outer sheath tu- A
be deaigned for isolation the cliannels from the envirchment. Th many cases this can sasily be ]
done by cheoking vacwum chahges in the gap between the channol and 1ts slieath tube, with the
thermal insulation of- the channel being ensured simultaneously, In case of loss of tightness
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the reactor 1s immediately shut down,
coolant leakage in case of emergency,

In designing loop chaunels with high-temperature covlants, high temperatures should be
in the core alone, which can be achieved by the use of rugenoration oircuits or by diluting

the hot coolunt at the ocore outlot with a cold one. The walls of pressure channels should he
cooled with a cold coolant,

Loop channels should be denigned to provide for dumping

If the coolant is chemically incompati®le with wiater, double insulating sheath tubes
should be provided.

The WP Loop-Type Research React‘or’()

This powertul multiloop roactor is now betng constructed at the Research Institute of
Atomic Reactors in Mel«koss. Thoe vertical secticns of the reactor and the pool in which it is
installed, & latoral sectlon acrous the core und the reurtor Yop view with the shield plutes
off are shown in Figs.1, 2, 3 and 43 the orientntion of Lhe resctor vertical sections 18 shown
in Fige3,

The fully dismountable core and roflector nlack is mude uf hexahedral Luryllium and grap-
hite blocks. Beryllium blocks are used in the core and the 1 rner layer of the reflector, while
aluminium-canned graphite blocks are used in the outer layer of the raflector. The beryllium
blocks are pierced with channels for fuel sssembllies consist ing of tubylar elemonts with thres
lengthwise spacing ribs on the outer surface of each eleuent (Fig.?7). There are control and
scrum—rod holes between the blocks,

Some of the fuel assemblles ere movahle, Kach assembly hos its own drive and is, when neces-
sary, introduced into the core from bolow upwards or removed, with the reactor in nperation,

The 18 cells of the core are intended for ain;;le-puss {J-shaped loop channels or chan-
nels of the "Field tube" type, When a loop channel is missing, it can be roplaced by a fuel
asggembly, In order to facilitate the insertion and removal of {J -shuped channels, the mcle-
retor and reflector blocks, arrsnged over the their horlsontal sectlons, are secured to the
very loop channels. "he loop channels and pipes of loop nlrcuibts are connected in fpeclally
equipped chambers locuated around the reactor pool below water level,

The control and scram rod drives and those of the movable fuel assemblies are mounted on
8 travelling carriage. For rcloading opernl;ldns the rods und the movable fuel sssemblics are lo-
wered and detuched from the drives, and the carringe ls removed to free the spoce above the
core,

The pressurised water, cooling the fuel assemblies, moveas ln the single-pass fuel sssemb~-
1y chanonels {rom top to bottom, Groups of channels are connected to a system of water-fecd
headers; the removal of water is carrisd out sepurately from each fuel channel by stationary
pipes, comnected within the pool by means of two headers, Under the core, there are splittype
self-sealin; joints connecting the channels and the water-removing pipes. This type of jnint
has rings made of radiation-resistant rubber and removed together with the channel, The joint
had successfully stood the ‘100-Mrad irradiation test end proved effective for 1,000 hours
of reactor operation at maximum power, The rubber rings receive a substantial portion of
full-scale ixrradiation dosc at the moment the channel is installed in the reactor, Water lea-
kage from the reactor primary circult into the pool through the damaged ring 18 mede impossib-
le by feedding clean water under a pressure excceding the water pressure in the fuel assembly
into Yhe chamber between the two groups of rubber rings.

%) j substantial contributicd to the study of physical cheracteristics of the reactor was
mude by D.F,Davidenko and A,B,Kruglov; fundamental designing problems design were
elaborated with the participation of V.V.Vinogradov, A,N.Malyshev, V.N,Meslov,

S.M.Markovich, S.L.Umenskaya and V,S5.Tsikunov.
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Fach outlet pipe has gating valves, flowmsters, repistanae thermometers and fuel-assembly
leaktightness~monitoring tubes.

The beryllium and graphite blocks in the core snd the reflector and alse the control rods
ure cooled with water from the pool, circulating in un independent clrcuit, Water moves from
top to botlom via inter-block gaps., The core veusel and the reactor equipment submergsd in the
pool can be dismantled whon necesnary.,

The general view of « loop channel is shown in Pig.6. Loop chunnels are fully welded or
have a sectional hcad depending on the coolunt. During tests the coolunt temperature at the
fuel-assembly inlet and outlet and its pressure and flow rate in the chunnel, as well as the
loaktightuess of the sheath tube und the pressure tubs ure checked, The temperature of the
fuel~ansembly wall is also checked when necosnpury.

Heloading operations are performed by two machines: one 18 intended for fuel assenmblies
and the other for loop channols.

In the process of deslgning the reactor desippn, ita most important units were tested and
adjusted on speclal stands, Remotie mountine und dismounting opurations were also perfected
and the necessary hydraulic characterictien obtnined,

A view of the four duildings for the renctor is given in PFlg.5. The reactor itself, the
equipment for the tost loop circuits, tbe pool-cooling circuits and the conbrol panel, as well
as the storage pool for radicactive nrticles are located in the {irst building, The hci cells
and the critical assembly ure in tho second bullding,

Channels with spent fuel ao:cmblles are transported to hot cells and the critical assembly
under a water loyer, via sluicol lranaport pussares, The overall dimensions of two hot cells
make it possible to place full-size loop channols in them. These cells, duplicating the work
of each other, are designed to extract fuel assemblien by cutting or dismantling thelir sheath
tubes., The third cell is intended for investignting reactor-tested fuel asgemblies,

The continuously operated critical assembly in which spent fuel assemblies will be used
will facilitate the operation of the multiloop reactor snd une it more ef'fectively as a re-
sult of the preporation in odvance of reliasble duta relating to every new cycle of experimenta,

In order to make boxes for loop circuils in immediate reach to the reactor, the primary
reactor circuilbts is arranged in the third building, which 2also contains all the equipment for
purifying the coolaats in the reactor and loop circulits.

Special attention was pald Lo problems ul continuously removing radioactive contaminations
from the coolants,

In the fouth building are sanitary inspection roomp and ndministrative premises,

Radioactive samples arve never rulsed to the room abeve Lhe reactor pooly the thiskness
of its walls is therefore normal.

The shielding walls between the loop clrcuits will partly be dismountable, which will
make it possible to arrange the equipment for new loop circuibs in edjoining boxes if necesss-
ry. Above the loop boxes there is an annular mounting room, 'The equipment can be mounted and
dismounted through sectional cellings.

The main technical characteristics of the MJAP reactor are given in Table

qa

The Control and Huafely System

The block disgram of the system-and the disposition of the fuel and loop channels, ocont-
rol snd safety arrangements and ion chambers are shown in Figs. 1, 2, 4, 8 and 9.

The control system is intended:

a) for automatic bringing the reactor from sub-critical state to a power level squal to

1410% of the nominalj
b) for ensuring automstic linear increase (decroase) of power by 14100% of the nominal

at a rate depending on conditions for heating up the loopsj
¢) for rapid (within 15 to 20 minutes) bringing the reactor te 50% power of the nominal
after a short-term shubt—down under conditions of & shexrp decreass in reoactivity due to xenon

oisoning - -
P21 5
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4) for short-term decromsing resctosr power, 3introducing a movable fuel assembly into the
oore and lIncreasing the renotor power to the previous level - all these operations are perfor—
med automatioally;

e) for monitoring reactor reactivity unler sub-critical cenditions during discharge
operations,

In addition, the control rods and movable fuel aspemblisp are used to maintain simulta-
neously the preset test conditions in all the loop channels,

Only compensated ion chumbers are used in the control and scram systems.

The stert-up and scram chombers have independent supply soutces; this makes the system
more reliaile und ensures additlonal gumume-~compensation in the start-up chambers,

The chembers of the automatic rejulators (operating and reserve ones) have u standby PO~
wor source which is automatically switched if in the muin one is oubt of service,

When a power lavel equal to 14 10% of the nominal is reached, automatic transition from
period control regime to power level one is mnde;simullaneously the start-up chambers are auto-
matically set in a new position in which it is possible to control power up to its nominal
level, A further increase in renctor power proceeds linearly,

The linearly changed compensation currents f£xom Lhie power level plck-up are simultaneous—
ly applied to the three power-level amplifiors of the scram system and to the automatic regu-
lator pre-smplifiers, cqmpensution curi-uts of the scram system emplifiers are always excee~
ding those of the regul.tor pre-amplifiers by 20%. This mukes the resctor scram system more
reliable and simplifies the work of the operator. fThe power chenging is stopped as soon as po=-
wer reschede the preset level,The power may change at normaly and increased raten.In order to
reduce !.-he number of falwve shut-downs, the scram syster is bused on a8 "two out of three"
coincidence princlple,

A specisl programming device sets shim rods in motion when the automatic control rod rea-
ches the position corresponding to 3V or 70 per cent of il travel, and stops them when the
automatic control rod is in mid-posmition, "he shim rods can be set in motion both separately
and in groups, For the automutic regulator to be reliable under conditions and to roduce reac-
tor stort—up Lime, the approximately linear principle of resctivity change due to rod moving
i8 ensured; this is achieved by making groups conmtaining different numbers of rods, each
subsequr-uk j;roup starting lo more befovr !'e prewvious one stops.

Soms_Specific Aspects of ivop-Type Renctor Physics,.
MIP Reactor Fhysical <haracteristics

To maintain the preset fuel-assembly testings conditions simultaneously in all the loops
of a powerful multiloop Teactor is a rather complicated problema.

In the WP reactor, in which the maximum mumber of movable fuel assemblics and shim rods
may, when necessary, be & and 20 respectively, this problem i3 solved as follows. In yhe
clean reactor, all the control rods snd fuel assemblies are in the lower position., As steady-
-state poisoning is achieved, ten additional movable fuel assembliss and six shim rods adja-
cont to them (see Fig.8) ure moved to the upper position; by this time the prescribed testing
conditions are sel in all the loop channels, The power of the central loop channel is maintai-
ned at a constant level by withdrawing, as the need arises, the five shim rods around it,
Constant power in the five loop chamnels arranved around the central one is maintained by
moving the twelve main movable fnel sssemblies to the upper position end inserting nine shim
rods between them, The peripheral movable fuel assemblies and shim rods are moving to the
lower position to maintain power in the twelve outer loop channels at a constant level. The
external movable fuel assemblies, withdrawn from the core, ensure an operating reactivity
marzin at the end of the core life.

i During the period of testing fuol assemblies in loop chsnnels, the fuel agsemblies in
the reactor fuel channels aore, as a rule, replaced several times, The reason for this is the
difference in burn-up rates due to thermal peutron depression f£iux in the loop ohannels,Such
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operubing conditions mnke it ponuible to tuke neasurey helping to meintain the proset fuel~
~asgenbly teeting condtions in the loop chunnels: rearrangement of chennels counlulning fuel
agsemblies with aifterent burn-up depth; ingertion into some of the channele of fuel assemb-
lies with a reduced nmunber of fuel vings or fuel assomblies with central absorbers; replace-
ment of some bthe fvnl channels in one of the operating cycles by boryllium followersy chin~
ging the effectiveness of some rods and nbsorbers in channels with movuble fuel gssemblies,

In view of the need to mnintuin constant power in the loop channels, the powsr of the
reactor during itu operating cycle is gradunlly changed because of the d)fference in burn-up
rates 1n the loop aud fuel channels, The beot economic characteristies and the longer opera~
ting oycles of a loop~btype reactor can be obtained by using the additionsl fual charge prin-
ciple during operation. In thim cese the averne power of the reactor per operating cycle is
lower than ita mnximun value.

However with a great number of loop ‘clmnne.ls aperating simultuneously the need to maintain
their power constant remults in the fach thal the econowic effect of additional fuel charging
in the process of operation is not complele. In Ghis case it chiefly depends on the reduction
of that part of the core opei‘nting charge which ensures an operatlonal excess roactivity
maxrgin,

Atter shut-down of the reactur, opersted at great specific fuel power, there occurs a
rapld negative change in reactivity due to sonon—135 poisoning. The rate of xenon build-up
1mmediately after shut-down is directly proportional to the power of the roactor before shut—
—down and practically deos nol differ from the rate of xeonon=135 build—up in the operating
reactor, since they both depend on the rate of lodine-135 disintegration,

In the MAP reactor, after 30 min shuli-down, prisoning lncreases about two~fold as com-
pared with steadystate condition., Towards the end of this interval the reasctor should be
brought to a power level equal to approximately 50 per cent of nominal, so us to discontinue
further loss of reactlvity beyond the limits of the ~ 4 per cent operational excess reactivi-
ty margin provided for in the project.

The maximum poisoning rate is ~, 1/250 ﬁeﬂ‘ per second, In order to bring the rcic~
tor to power within 10 to 15 minutes after a 15420 min shut~down, the project provides for a
sufficient rate of positive change in reactivity, when the control rods and movable fuel
asgenblies are shifted in a sub-critical reactor, up to 1/20 ﬂefi‘ per second, which cor—

responds to the nuclsar safety standards now ln force in the Soviet Union,
Short-term shut-downs can take placo iu :use of false scram signals, There may also be

planned short-term shutdowns, say, for repuir purposes or for the withdrawl of irradiated
samples and (he insertion of new ones., If lLhe time~-period for one ghut—down is insufficient
for such operatinns, reated shut-downs can be used for the purposes. Fig.10 shows a resctor-
poisoning curve in conditions of regular shut-downs and sturt-ups,

In some oases, whon the reactor has to be shut down for several hours for repair purpo-
ses, it can be operated prior to such a long-term shul—down in special oonditionsx) shown in
Fig.11. If repair work is carried out, say, during five hours, then as can bo scen from the
curves in Fig.11, the reactor can be brought to power 8 hours earlier than in case of a regu—
lar shut-down.,

One of the specific features of a multiloop reactor lies in the fact that its core and
reflector have heterogoneous physical properties. Considerable thermal neutron flux depres-
sions are, as a rule, observed whore the loop channels are arranged; their magnitude is sub-
stantially affected by the physical properties of the materials surrounding the loop channels.
This depression decreases if the materials are good moderators and the thormal diffusion
length in them is-grest. It also decreases if gas gaps around the loop channels are createds

X508 B.H.Apremur "Arounan DHeprEa" /I%H4 r., in print/.
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this should, of course, be done with due regard for nuclear safety roquirements. It is desi-
rable that loop channels whioh do not preatly disturb the neubron fields should be installed
in the neutron traps and also surrounded with gas gups or materials with good physical proper—
ties.

Loups with a hydrogen-containing coolant should be arrdnged in the core, using the ther-—
mal-neutron generation effect inside the channel. When a loop chennel is installed in the
reflector, there occurs great power density angulur hetierogeneity in the fuel assembly under
test. This heterogeneity can be eliminated by using moul.ron absorbers or by creating 8 variabe—
le gas gap between the loop channel and its sheath tube of much larger dlameter ul the expense
of their eccentric disposition,

Tobles II und ITI give the physical characteristics of the MUF reactor.

l Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100022-6



kg

The Main Technical Characteristics of the MAP

Approvd For Releae 2009/08/17 : CIA-RP88-00904R00100100022-6

Table 1

Reactor

Maximum power:
of the redCtor esvvesevecsrsrrovisosrrocossvecsscnnces
of & fuel a88emMblY esecerresrcossscsscsncerscocssanse

Coolant flow rates:

primary cirCult cececccvrrosricnsosiosssorssssesrronss
pool CIrouit .sisesebecccsscreresnocrtccctireroconsens
maximum power-density fuel a886mbly ssvesssesesvevsene

Preusure In the maximum power-density fuel assembly:
at the core 1nlet cueecessccrcococctssocsissecccccons
at the core outleb ssecesroriretsscesssostiasecessoes

Coolant temperatures:

at the chunnel inlet ceeivesrsovecrticocervircncssasns
at the channel outlet eeiveersvrocireoscvsivrsecnasenees
at the moderatior blocks inlet s.eivieveessssncccccane
at the moderator blacks outlet (Bverage) seseececsccess

100,000 kw

4,000 kw

2,000 t/hr
1,000 t/hr
80 t/hr

12,4 kg/cn>
8.6 kg/::m2

40°C
83°C
40°C
50°C

Data on the fuel asgemblies and thelr operating conditions at a power

of 4,000 kws

lenmth of the active part ecvseecirireceacsroccocescsns
heat transfer BUrfRCe s..sesscecossiassrscssnsestonas
uranium-235 content eceecsicsssscsrtsssssacrsrscrccsane
maximuu heat fIUX ceececrscrccesossstasssscscnccnnats
c001ant velocity scecceoiscessarstorecesssissoccccnes
meximum fuel element can temperature sessscscocccess
BUDCOOLINE eevreosvcaacsrcavssrassvscsnnscttcoscsososs

Some geometrical dimensionss

lattice BPUCINE sesecccossosrrtrocsioccsrsosecssncans
fuel assembly sheath tube dimensions .....veceevseace
maximum loop channel A1ameter secesisecscssssocsasess
contro) and safety rod diasmeter eeceececocrsescccsssss
moderator block helght «seecvicersncsccsritioccnnncae
intexr—bloCk ZONB sssecesrssrsccecesisnesscrcncacascns

Materials:

PUCL e iiiseecessssssacssrsedrtorsssssssssstsencocosee

fuel compoBibion seeeceersacsoccssstrasanssscocecccs
fuel element CBNB sececsscocsrssscssssocssssscvscsccsy
fuel assembly, control and safety rod sheath tubes...
control and safety ToGBescssceccrsrercacsotsscoccons

absorbers over the movable fuel assemblies seeveecsss
core vessel with the Bupport grid cececersrcecsencens

headers, fittings, cooling circuit pipes pool facling,
parts of the control-and-safety-system carriageseceeces

321
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1,000 mm

1. /a2

550 g

3.4 x 10° keal/nhr.
10 m/sec

147°C

25°C

150 mm

78 mm 0,d/7 mm i.d.
150 mm

25 mm

1,100 mm

1.5 mm

90 per cent enriched
uranium

uranjum-aluminiun alloy
alluminium alloy
zirconium

stainless-steel-canned
boral

stainlesg-steel-canned
cadmium

aluminium alloy

stainless steel
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8. Core and side-reflector composition by volume:

COT'® 4evvevesenncoscevesass beryllium L P W& |

WREBL ousiivrronernonnonnns 0.176

ALUDINIUM ousrnvrooennenoas 0.0948
ZirCONIUM sivrervieronrsones 0.0185
UrANiUM sevsvsierinssonsenes 0,00107

the first reflector 1ayer .. beryllilm 4ouvreernsoonsans. 0.96
WaEOT saveinnnnnrivnosnoenns 0,04
the second reflector layer PRy <4 o=o) o K - R 0,853

WaEBL 4t eiateirnasracantees 0,0199
alumlnium ciiiseiiiasaceesss 0,0521
K8B BBDB sieeeinvresevisesss 0,0755

Table II

Element Nuclear density n x 10" nuclei/en’
UZﬁS U}.’BB

Be Zr Al H 0 c

Core 0.46 0,0512 863 7.82 57.1 118 59 -

Ist layer of side reflector - - 1180 . - 27 13,5 -~

2nd layer of side reflector - - - - - 314 6,65 705
Zable IIT

Physical Characteristics of the MitP Resctor

Thermal ulilization factor sesecececcas. T PP * Y -
Resonance-escepe probability eeeceeecescsvorsssrvecironissoasese 0,985
Infinite multiplication £ACLOT weecesssescesonosesrscsseesassss 1463%
Diffusion ares, cm2=

COT'B do0csscosnsnvosassirooccsasscsantacsssscibosdstosaaesss 17
18t layer of Bide 1efleCtor eesesecocsrescssocscrissnsosses 283
2nd layer of Bide reflecCtor s.ceessesteccsrcsssregssenssns 678

X) without taking into account(n, 2n), (T,n) and(n,ob) beryllium
reactions,

321 -0 =
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Neutron age, cmal
core L N N R R R N N N R I AP I S S S T Y I T 55
15t 15\731’ of side reflector D NN N N I N I I W S RIS Y 75
2nd l&yar of alde reflector PP st renoerscennot st 000 335
‘Reflaector savings, cmi
side reflector L R I N R A N N I I SR U U Y S S S S S 20.3
top or bottom reflector 008008 corvsbosrtons P einI bty 9
Total reactivity of the core with 61 fuel apsemblies, %,,. BOX)
Reactivity balance, %
Bteady—stabs poisoniug R R N N Y T T TR 4
bLl.l‘n-\lp 9900080802008 0000dr 00 PININOOIROEOPILTBERINGOGEINIINITEY ) 1“’
100p ‘testn D R N R N A R R N YRR I Y 12
operational reactivity morgin eceiivesenecniccsicncerins 4

Effectiveness of the control and ssleby rods, %1

safoty 1r0ds (6 UNLES) sieirseecersecoescesosanscarisins 3.7
shim rods (20 \mi‘ba) I R R N TN Y R T N TN 8.0
movable fuel assemblies with absorbers (22 units)..ses 15

Maximum specific power: ‘
volume, kW/1 R R I rrTmmn 280
fuel, kw per 1 kg of uranium=235 seoeeeiecsonensbinens 20.000

- Thermal neutgon flux in the ursnium (at neutron gas temperature of

29%°K), n/cm sec, 3 )
mw.mm P 0000 e P B IEININGOOOOIIOs et lar et oattTey 5 x 104
QVETUZE ovsesoosenntrsersttssesvettssosocssbdonsostssibs 2,5 x 10
Maximut fast neutron (E '>, 0;5 MBV) beasecrsrstnnronirnnny 3 X 1014
Maximum thermal neutron flux in the central trop seeieiaes 1.5 x 10‘15
Burn-up of uranium-235 in fuel assemblies, %
maximum RN EmmNIImnmmnmnmnmnmInnonmnssmTmmm 40
BVOXAZE corervsvevrortisssonosocsbosbsrinrsonereranies 30
Core life at a power of 100 MV, ABYB seservsvaccrsraninnre 21
Fuel loading change during core life, kg. of uranium-235,. 11-8
Maximum number of fuel assemblies in the COr€ssesiserssrers 33

i
x)Roactivity balence was calculated according to the formula: 1 - p sl (1= ﬁd ),
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Pig.1. Cross section of the reactor Fig.2. longitudinal section of the resctor

1. Core and reflector pile blocks; 2, Puel assembly;
3.Movable fuel assembly; 4. Coolant feeding headers;

5. Iower sealing unit; 6, Fuel asgenmbly coolant outlet
pipes; 7. Rotating upper shield plates; B, Place for
control-and-safaty~ rod and movable fuel assembly drive;
9.Movable ion chamber; 10. Fox with equiprent for
connecting loop channels to loop circuits. 11.Loop

channel
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Pig.3. Top view with shield plate removed
Fig.4. Core horizontal section

1, Beryllium block; 2, Aluminium-canned graphite block;
3, Fuel assemdbly; 4. Loop channel; 5. Aluminium followexrs
6. Core vessel; 7. Movablc ion chamber channel; 8.Fixed
ion chamber channel
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Pig.6. General view of a single Q @ Q 8 o
pass (U-ghaped )loop channel
1. Beryllium pile blocks belong:
ing to the loop channel;2.Main
Pig.5. HBorizontal section of the reactor buildings tube with sealed head; 3.Thermo-
1, Buidlding for the reactor, test loops and couple tube; 4,Inlet and outlet Fig.8, Channel and controls arrangement diagram
storsge pool; 2. Building for hot cells and coolant pipesfﬂ%loop circuit 1. Fuel assembly; 2. Movable fuel assembly;
critical assemblies; 3. Building for coolant ction; 6, Fuel element; 3, Additional movable fuel assembly; &.loop
purifiction, reactor primary and secondary «Collant; 8. fressure tube; channel; 5. Safety rod; 6., Automatic control
9. Sheat tube; 10, Vacuum gap rod; 7. Shim rod; 8. Additional shim rod

cooling circuit equipment and auxiliary
systems; 4. Building with sanitary inspection
rooms, administrative and laboratory premises;
5. Reactor pool; 6. Test loop box; 7. Transportation
passage; 8. Btorage pool; 9., Critical assembly pool;
10, Hot cell
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Pig. 10, Reactor poisoning periodical
shut-downs and start-ups
4, Bhut-down; B, Operation at full
power; 1. Poisoning curve; 2.Xodine
concentration change

»

PFi1g.9. Block diagram of the control and safety
system

1« Ion chamber; 2, Power demand and its linear
rate of change comtroller; 3. Preamplifier;

4. Automatic start-up amplifier; 5.Automatic
operating conditions switch (period regulation-
level regulation); 6, Magnetic amplifier;

7. Automatic control rod servodrive; 8,Tacho-
generator; 9. Safety system amplifier;

10, Safety system diagram; 11, Programming
device; 12, Shim rod servodrive; 13- Electromagnetic Fig.11. Special operating conditions of
clutch; 14, Safety rod servodrive; 15; S8afety the reactor before a long-term shut-down
system period amplifier; 16. Highly sensitive 1. Ordinary positioning curve after shut-
ion chamber servodrive; 17, Movable fuel down; 2. Average thermal neutron flux;
assembly servodrive; 3. Poisoning curve in conditions under
— e scram signal consideration; 4. Iodine concuntration
change; A, Short-term shut-down;
B.Neutron flux change as curve 23
C.Operation at full power; D. Iong-term
shut-down

1.t

LI L B )

—x signal from the operator panel

—— hanical coupling
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